Background: Although there have been extensive studies to determine risk factors affecting survival after resection for hepatocellular carcinoma (HCC), we still do not know which patients can survive disease free after curative resection. This study was undertaken to determine independent risk factors affecting the length of disease-free survival. Methods: 171 patients, who survived disease free more than 1 year after curative resection, were divided into four groups according to the disease-free period: Group I (n = 96) for the patients with intrahepatic recurrence between 1 and 3 postoperative years, Group II(n = 27) for those between 3 and 5 years, Group III (n = 40) for those between 5 and 10 years and Group IV (n = 8) for those without recurrence within 10 years. The 37 variables (host factors, tumor factors, non-tumor liver factors, surgical factors) were compared among the four groups. Activity of hepatitis and hepatic fibrosis was scored by the Histological Activity Index (HAI). In a multivariate study, possible prognostic variables with a statistical difference in the disease-free survival rate among each category were preliminarily selected from the 37 variables and the independent variables were finally selected using a proportional hazard analysis. Results: The patients' age, indocyanine green retention rate, microscopic tumor capsular invasion and portal invasion, cell differentiation, extent of hepatectomy, aggressiveness of chronic hepatitis and inflammatory activity assessed by HAI score were significantly different among the four groups. In the multivariate analysis, the following variables were selected as the independent determinants favorable for achieving a longer disease-free period: younger age, lower indocyanine green retention rate, solitary HCC with expansive growth, no microscopic portal invasion and lower activity of co-existing hepatitis. Conclusions: The importance of inflammatory activity in addition to aging, hepatic reserve and tumor characteristics was confirmed as a risk factor for recurrence by multivariate analysis. To achieve better disease-free survival, not only early detection but also suppression of co-existing hepatitis is necessary.
INTRODUCTION
The prognosis of hepatocellular carcinoma (HCC) after hepatic resection has been markedly improved over the past 10 years by virtue of widespread screening for high-risk population, advances in imaging modality, indication of hepatic resection (1) (2) (3) (4) , technical refinement of hepatectomy and innovation of multidisciplinary modalities such as transarterial embolization (TAE) (5) , percutaneous ethanol injection (6) and microwave coagulation therapy (7, 8) , for intrahepatic recurrence. There are several factors limiting long-term survival. One is frequent intrahepatic micrometastasis via the portal vein as a major drainage vessel of the HCC (9, 10) , which enhances intra-hepatic recurrence along with a limitation of resection range by co-existing chronic liver disease. Metachronous multicentric growth of HCC also constitutes another cause of intrahepatic recurrence (11) (12) (13) . In fact, the survival rate drops to 24% at 10 years even after curative resections (14) .
There have been extensive studies, mostly focusing on tumor characteristics (15) (16) (17) , to determine what factors affect the crude survival after hepatectomy. Our previous multivariate studies demonstrated the importance of macroscopic portal invasion and intrahepatic metastasis (15) and also tumor DNA ploidy pattern as the prognostic factors (18) . These analyses were carried out in patients including non-curative resections for advanced HCCs. Therefore, the importance of the tumor stage has been much stressed as a prognostic factor.
In the present study, subjects were limited to more favorable patients who were expected to have a curative resection. Nontumor variables such as activity of hepatitis and degree of liver fibrosis were included in addition to conventional prognostic variables such as hepatic functions, tumor characteristics and surgical factors for a multivariate analysis to determine crucial factors affecting posthepatectomy disease-free period.
PATIENTS AND METHODS

SUBJECTS
A total of 419 patients underwent liver resection for HCC between January 1981 and December 1990 in our department. Of these, 201 patients, who had an intra-and/or extrahepatic recurrence (s) or died within 1 postoperative year, were excluded from the study. The 47 patients, who died later than 1 postoperative year due to progressive liver disease (n = 19), ruptured esophageal varices (n = 7) or other systemic disease (n = 11), were also excluded. There were 10 patients who were lost to follow-up. The remaining 171 patients were divided into the following four groups according to the length of diseasefree period: Group I (n = 96) for those with recurrence in a period between 1 and 3 postoperative years, Group II (n = 27) for those with recurrence in a period between 3 and 5 years, Group III (n = 40) for those with recurrence in a period between 5 and 10 years and Group IV (n = 8) for those without recurrence within 10 years. The diagnosis of intrahepatic recurrence was made by serial ultrasonography and/or computed tomography combined with serum tumor markers such as α-fetoprotein (AFP) and PIVKA-II (19) . Ultrasonographically guided needle biopsy was carried out for a suspicious lesion to obtain a definite diagnosis.
HOST FACTORS
The host factors included age, gender distribution, viral serological marker, alcohol drinking history, smoking history, transfusion history and history of preoperative transarterial embolization (TAE). The liver function factors included indocyanine green retention rate at 15 min (ICG R15), serum albumin (ALB), serum total bilirubin (T-Bil), prothrombin time (PT) and serum aspartate aminotransaminase (AST) and alanine aminotransaminase (ALT). The patients, who had been drinking more than 86 g/day of alcohol (ethanol) for 10 years or more, were regarded as habitual drinkers.
TUMOR FACTORS
The tumor factors included AFP as a tumor marker, tumor size, macroscopic growth type (expansive vs. infiltrative growth), macroscopic portal invasion (Vp), intrahepatic metastasis (IM) and tumor stage (TNM classification) (20) . Histological parameters, such as cell differentiation, histological pattern, tumor capsule formation (fc), capsule infiltration (fc-inf), portal invasion (vp) and intrahepatic metastasis (im), were also included. The 23 patients (14 patients in Group I, six in Group II, three in Group III), in whom massive tumor necrosis was induced by preoperative TAE, were excluded from the analysis concerning the tumor factors. The cell differentiation was divided into well, moderate and poor according to the classification by the Primary Liver Cancer Study Group (21) . Multicentric occurrence of HCC in the resected specimen was defined as follows (22): one tumor consisting of very welldifferentiated HCC in a replacing growth pattern and the other one without macroscopic portal invasion for multiple lesions.
NON-TUMOR LIVER FACTORS
The liver pathology was classified as normal, chronic hepatitis and cirrhosis. The patients classified as chronic hepatitis were subdivided into chronic persistent hepatitis (CPH) and chronic aggressive hepatitis (CAH) (23) . Inflammatory activity and fibrosis were graded in all patients according to the histological activity index (HAI score) by Knodell et al. (24) as follows. The scores for three features (degree of periportal hepatocellular necrosis and bridging, degree of intralobular degeneration and focal hepatocellular necrosis and degree of portal inflammation) were totaled for the grading of inflammatory activity in an individual case. The staging of the liver fibrosis was scored 0 for no fibrosis, 1 for fibrous portal expansion, 3 for bridging fibrosis and 4 for cirrhosis. The HAI score in each patient was expressed as the average of the scores in three visual fields more than 1 cm apart from the tumor edge and the liver capsule.
SURGICAL FACTORS
The type of hepatectomy, operation time, amount of intraoperative blood transfusion, weight of resected specimen, status of resection margin and surgical curability (curability A vs. curability B) (14) were also compared among the four groups.
STATISTICAL ANALYSIS
COMPARISON OF EACH FACTOR AMONG THE FOUR GROUPS
Each category of the host factors, tumor factors, non-tumor livers and surgical factors was compared among the four groups. A chi-squared test was used for comparison of the dichotomous variables and one-way ANOVA for that of the continuous variables. A probability value <0.05 was considered statistically significant.
UNIVARIATE AND MULTIVARIATE ANALYSES
First, the disease-free survival rates, estimated by the KaplanMeier method, were statistically compared between the categories in each factor listed in Tables 1-4 , using three analyses of log-rank test, generalized Kruskal-Wallis test and simple variate proportional hazard analysis. Then, the possible prognostic factors, which showed a statistical difference among the categories by any of the three analyses, were selected. Second, we employed multivariate proportional hazard analysis (25) on these potential prognostic factors and selected independent prognostic factors from them according to a stepwise method with an F value of 0.20 in and out. 
RESULTS
COMPARISON OF EACH FACTOR AMONG THE FOUR GROUPS
HOST FACTORS
The mean patient age was lower in Group IV (p < 0.05) ( Table  1) . Female prevalence was slightly higher in Group IV but there were no significant differences among the four groups. The other host factors such as HBs antigen (HBsAg) positivity, smoking history, transfusion history and preoperative TAE showed no significant differences. Of the liver function, only ICG R15 in Group IV was significantly lower. Results of the other liver function tests such as ALB, T-Bil, PT and liver enzymes (AST and ALT) were not statistically different, although the liver enzymes tended to be lower in Group IV.
TUMOR FACTORS
The AFP value and its positivity showed no significant differences (Table 2 ). There was no statistical difference in the macroscopic tumor factors such as tumor size, tumor stage, Vp, IM and growth pattern, although the multicentric growth type accounted for about 10% in Groups I, II and III in contrast to 0% in Group IV. On the other hand, regarding the microscopic tumor factors, fc-inf and vp had significantly lower positivity in Groups III and IV, and the proportion of the welldifferentiated HCCs was significantly higher in Group IV ( Table 3 ). The histological pattern of the HCCs was similar in the four groups.
NON-TUMOR LIVER FACTORS
1. Pathology. The proportion of normal liver was higher in Group IV, while those of chronic hepatitis and cirrhosis were similar between the groups (Table 3) . Among the patients with chronic hepatitis, the proportion of CAH was significantly higher in Group I.
2. HAI score. The mean HAI score, assessing the activity of hepatitis, was 5.2 ± 1.9 in Group I, 5.1 ± 2.0 in Group II, 4.1 ± 2.1 in Group III and 3.6 ± 2.5 in Group IV, showing that the longer the disease-free period, the lower was the HAI score ( Fig. 1) . The HAI scores in Groups I and II were significantly higher than those in Group III (p < 0.05). Even in the selected patients without microscopic portal invasion or intrahepatic metastasis, in whom the risk for intrahepatic recurrence originating from latent intrahepatic micrometastasis was minimal, the HAI score tended to be lower in the patients with longer disease-free period. In contrast, the degree of fibrosis was similar in the four groups (Fig. 2) .
SURGICAL FACTORS
Concerning the resection range, the proportion of hepatic lobectomy was significantly higher in Group IV than in the other three groups (p < 0.05) ( Table 4 ). The amount of blood transfusion, operation time, specimen weight, status of resection margin and surgical curability (A or B) were not significantly different among the four groups.
UNIVARIATE ANALYSIS
Twenty-one variables were determined to be statistically significant possible prognostic factors by any of the three analyses, log-rank test, generalized Kruskal-Wallis test and simple variate proportional hazard analysis ( and four of the surgical factors (type of hepatectomy, status of resection margin, curability, specimen weight).
MULTIVARIATE ANALYSIS
The seven independent prognostic factors were finally selected from the 21 variables by stepwise multivariate analysis (Table  6 ): number of the nodule (single vs. multiple), macroscopic growth type (expansive or infiltrative), microscopic portal invasion, age, ICG R15, HAI inflammatory score and activity of chronic hepatitis. The solitary HCCs with expansive growth and without microscopic portal invasion were favorable for achieving better disease-free survival. Aging, higher ICG retention rate and higher activity of co-existing hepatitis were unfavorable conditions limiting the disease-free survival. 
DISCUSSION
There are some studies reporting that gender (14, 26) or alcohol consumption (27-29) may contribute to hepatocellular carcinogenesis. In fact, in our study, the proportions of male and habitual alcoholics were low in the longer disease-free survivors, although the multivariate analysis did not select these factors. In our previous studies (2-4), which determined the predictive factors for posthepatectomy liver failure in patients with co-existing chronic liver disease, ICG R15, age and extent of hepatectomy were selected as the predictors in the multivariate analysis. Interestingly, ICG R15 and age also were recognized as the crucial risk factors for intrahepatic recurrence in this study. The patients who survived more than 10 years without recurrence were younger and had better ICG R15. Therefore, better hepatic reserve and younger age may be biologically favorable conditions for avoiding metachronous carcinogenesis. In fact, some studies pointed out aging and ICG R15 as independent risk factors for the development of HCC in cirrhotic patients (30) and for recurrence in HCC patients (31, 32) .
Generally, postoperative prognosis in patients with malignancies are closely related to the tumor stage. However, in the present study, which excluded the patients with early recurrences or deaths within 1 year, some macroscopic tumor factors such as tumor size, macroscopic portal invasion and tumor stage were underestimated, although these are strong prognostic factors in overall HCC populations (9, 15) . Instead of such macroscopic tumor factors, microscopic intrahepatic metastasis, microscopic portal invasion and tumor growth pattern were selected as the independent risk factors for later intrahepatic recurrence. This suggests that intrahepatic recurrence, originating from the latent, micrometastatic lesion, will appear later than 1 postoperative year. Tumor cell differentiation (21) , which was significantly different among the four groups, was not selected as an independent variable. This is probably because cell differentiation is highly correlated with the development of the microscopic portal invasion (27) .
Intrahepatic recurrence also originates from metachronous carcinogenesis. This concept can clearly be derived from our result that the proportion of HCC patients without microscopic portal invasion and intrahepatic metastasis accounted for 11% (14/123) in Groups I and II and 31% (15/48) in Groups III and IV. Thus, weight of risk factors causing intrahepatic recurrences shifts from the microscopic tumor spread to metachronous carcinogenesis in the time course of postoperative period.
The viral serostatus strongly affects the incidence of metachronous carcinogenesis after curative resection for HCC. There have been studies reporting that hepatitis C virus (HCV)-related HCCs have a higher incidence of metachronous carcinogenesis in contrast to non-HCV-related HCCs (13, 33, 34) . As the present study included the early series, in which anti-HCV antibody could not be determined, HCV serostatus was not added as a variable for the multivariate analysis. In our series of hepatectomized patients since 1991, the 142 patients positive for anti-HCV had an HAI score of 6.1 ± 1.6, which was significantly higher than 4.8 ± 2.3 for the 33 patients positive for HBsAg or 4.4 ± 2.6 for the 21 patients negative for both anti-HCV and HBsAg (unpublished data). Hence, HAI score can be a substitute for HCV serostatus. In this study, both the histologically determined activity of hepatitis and HAI score were selected as the independent risk factors in spite of having a similar implication. A distinction of chronic persistent hepatitis from chronic aggressive hepatitis was made only in the subpopulation with chronic hepatitis, not including the cirrhotic patients, whereas the HAI score was determined in all patients. Therefore, it is presumed that the HAI score was selected as an independent variable because the cirrhotic patients accounted for a large portion of this series.
Several studies have reported that cirrhotic change may be a strong risk factor for hepatic carcinogenesis (35, 36) . In contrast, the proportion of co-existing liver cirrhosis and the degree of fibrosis were similar in the four groups and were not selected as an independent variable in our study. This may suggest that not fibrosis, established secondarily to persisting inflammation, but persistent inflammation per se would be a more important factor contributing to hepatocarcinogenesis. The extent of hepatectomy is limited mainly by hepatic reserve (1-4) . Limitation of resection range carries a risk of leaving minute transportal intrahepatic metastasis behind even after apparently curative resection (15) . In fact, the proportion of hepatic lobectomy was lowest in Group I. However, none of the surgical factors was determined as an independent variable. This study demonstrated that the disease-free survival length can be affected by tumor characteristics, hepatic reserve, activity of co-existing hepatitis and age. Hepatic reserve and age are the prognostic factors which we are unable to control. However, tumor factor and activity of co-existing hepatitis can be controlled by early resection and early suppression of persistent inflammation by new drugs, such as ribavirin (37) and lamivudine (38) .
